In addition to causing suffering and morbidity, foot lesions in diabetic patients have substantial economic consequences. Several national and international consensus documents providing prevention and treatment recommendations have recently been published [1] [2] [3] . These recommendations would have various degrees of health-economic consequences. The costs of diabetic foot lesions are influenced by interventions to prevent the development of foot ulcers, by management strategies to shorten wound-healing time, by strategies to prevent amputation for patients with current ulcers, and by the management and care required by disability following amputations (table 1) .
Before 1990, few studies addressed the economic impact of foot complications in patients with diabetes. Recently, however, a number of reports with various economic approaches have been published from different countries [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . Relatively few studies discuss health economics, especially related to foot infections [16, 17] . In some reports, the costs of diabetic foot complications are discussed generally, with the infected foot ulcer included as one of several ulcer types [5, 9] .
The increased interest in investigations of the costs and health-economic issues of diabetic foot complications likely has several contributory factors. Diabetes is a chronic disease that requires a lifelong commitment of resources to prevent and treat complications. The disease affects an increasingly large number of people around the world, putting them at risk for disability and diminished quality of life. These strains on the health care budget occur at the same time that new, more expensive technologies and treatment options have become available. Here, we discuss the economic consequences of diabetic foot lesions and focus on the infectious aspects of this complication.
HEALTH ECONOMICS
Health economics has been defined as a science concerned with issues relating to the allocation of scarce resources to improve health [18] . Health-economic approaches may be descriptive, evaluative, or explanatory. The choice of a specific type of analysis depends on the purpose of a study and whether the consequences or outcomes between alternatives differ.
Descriptive studies of the costs of foot ulcers and amputations (cost of illness or cost of treatment) help to make the economic consequences of the diabetic foot complication visible to decision-makers, health care providers, health professionals, and the patients and their support organizations. Results from studies could, therefore, have both clinical and policy implications. They can improve implementation of guidelines; serve as a basis for policy decisions regarding prevention, care, and treatment of diabetic foot lesions; and generate hypotheses for future intervention studies. Healtheconomic evaluations of various approaches to foot-ulcer care investigate which of several alternatives is most cost effective in treatment of the population included in the study.
Cost calculations must differentiate between the costs referable to foot complications and those for diabetic patients with foot ulcers that include treatment of non-foot-related disease and complications. This differentiation is especially important in the use of secondary data sources. One recent Swedish study showed that other conditions were reported as the primary diagnosis in 180% of the discharges, when diabetic foot complications were actually the main reason for inpatient treatment [19] . This demonstrates the risk of underestimation of the costs of diabetic foot lesions when analyses are based on primary diagnosis from secondary data sources. Underesti- mation of costs for diabetes based on inpatient statistics or secondary databases has been observed in the United Kingdom as well [20, 21] . This probably occurs in health care systems without a direct connection between the diagnosis and economic compensation and may be less likely to occur in such countries as the United States, where the reimbursement system provides incentives for more accurately coded diagnoses [22] .
HEALTH-ECONOMIC STUDIES
Costs of management and treatment. A number of studies of the economic consequences of diabetic foot ulceration and lower-extremity amputation have been published, but cost analyses based on prospectively followed patient populations are rare, as are reports focused on infected lesions (tables 2 and 3). Descriptions of costing and other methodological aspects are sometimes limited or missing, especially in the early studies.
Costs reported from many studies are probably underestimated, because it is often unknown how, and to what degree, patients were treated before referral. The period before referral for foot ulcer treatment may represent patient and physician delay, as has been reported in several centers [32] [33] [34] [35] . Delayed treatment and referral is frequently caused by failure to recognize the presence of infection and ischemia. This failure may be responsible for more proximal levels of amputation for patients whose limb was initially salvageable [35] .
The total costs of a lower-extremity amputation include more than just inpatient care and surgery; outpatient visits and topical wound treatments, required until complete healing has been achieved, must be included as well. Costs of topical treatment and of inpatient stays have been found to be the most substantial costs in 2 Swedish studies [5, 17] . For many patients, the majority of topical-treatment costs occurred after an amputation had been done. In some published studies, it is uncertain whether topical treatment costs are included or not [8, 9, 11, 13] , and this may explain some of the differences among study results.
Despite the different methods used, many studies confirm the substantial economic consequences of diabetic foot lesions [4, 5, 8, 10, 13, 15, 17, 27, 29] . Comparisons of results from various health-economic studies are complicated by differences in the study design (prospective vs. retrospective, primary vs. secondary data), patient populations, types of foot lesions, health care systems and settings, treatment practices, the time frame for analysis, the perspective of studies, reimbursement systems, and the countries included. In addition, some studies lack information about the year of costing [7, 14, 36] , the monetary exchange rate, and the type of costs actually included. Other studies have included a mix of patients with and without diabetes [7, 10, 14, 28, 30] . Whether charges or costs were used also influenced study findings, and hospital costs may be only 70%-80% of charges billed [30] .
Cost of deep foot infections. Health-economic reports on diabetic foot infections are limited. A Swedish study investigated costs for managing deep foot infections in 220 patients and categorized them according to clinical outcome [17] . Mean healing time for patients who did not need an amputation was 29 weeks; for those who required minor or major amputation, it was 52 weeks and 38 weeks, respectively (minor amputations required longer healing times than did major amputations). Total cost (in Swedish kronor [SEK] adjusted for inflation to 1998 prices and converted to US$ by the 1998 exchange rate, ) for healing without amputation was $17,554 US$1 p SEK 7.95 per patient, whereas the corresponding cost for healing with minor amputation was $33,540 and with major amputation was $30,135. The cost for patients whose infections were unhealed at death was $31,407. Topical treatment during outpatient care accounted for 51% of all costs and was the largest cost for all outcome groups except for patients who healed after major amputation, for whom the inpatient costs dominated. The number of weeks between diagnosis of deep foot infection and healing and the number of surgical procedures were variables that explained 95% of the total costs. Costs of antibiotics accounted for !4% of the total costs. In another Swedish study of diabetic patients with a foot ulcer, the average cost for all patients with an abscess or osteitis was US$26,509, irrespective of the clinical outcome (costs in SEK adjusted for inflation to 1998 prices and converted to US$ by the 1998 exchange rate) [5] . In that study, the costs of antibiotics were also low, representing just 2% of total costs. The average cost per ulcer episode for patients with osteomyelitis in an American study based on claims data was $3980 (in 1992) [9] . In that study, all patients were !65 years of age, whereas in the 2 Swedish studies, many of the patients were older. Demographic differences between populations and the different methods of data collection might explain some of the differences in costs. Further, it is uncertain whether-and to what degree-outpatient management, such as topical-treatment resource use and costs, was considered in the American study. Because of the methods for data collection, it was not possible to include costs until a specific end point in that study. In another American study, the authors claim that the cost of a minor amputation of an infected phalanx or metatarsal head, including a short hospitalization (3 days), is less than that for the more conservative approach of medical treatment with 6 weeks of intravenous antibiotics in the home [37] . These examples show that calculation of treatment costs is strongly influenced by the total time frame of observation and by whether patients are followed until a final end point.
In a study comparing resource use associated with diabetic foot infections for 3 European countries, the length of hospital stay was more than twice as long for patients in Germany than for those in Sweden and the United Kingdom [38] . Other major differences among the countries in management strategies, and thus in resource use, were the rates of amputation and vascular surgery and the use of antibiotics. In the United Kingdom, all patients were treated with intravenous antibiotics, compared with only 58% in Sweden and 68% in Germany. The amputation rate was only 4% in the United Kingdom, compared with 16% and 17% in Germany and Sweden, respectively. The authors concluded that these differences could largely be explained by variations in access to inpatient and outpatient facilities, in patient selection, in patient characteristics, in reimbursement schemes, and in health care systems [38] .
Cost of various types of foot ulcers. In the previously mentioned Swedish study, the total costs increased with the severity of the ulcer [5] . The average cost for patients with superficial ulcers, all of whom healed primarily without amputation, was US$5098. For patients with gangrene, the most severe ulcer type, the average cost was US$59,646 (costs in SEK adjusted for inflation to 1998 prices and converted to US$). In this group of patients, the rate of amputation was 97%.
In a comparison of diabetes-related foot lesions among patients in the Netherlands and California [22] , the duration of hospitalization was significantly longer in the Netherlands, whereas the incidence of lower-extremity amputation was higher in the United States. The authors suggested that these differences may be explained by differences in access to health care, health care financing, and reimbursement systems. In the Netherlands (as in many European countries), most people are ensured affordable governmental health care, whereas in the United States, costs are more often paid by the patient or by the patient's insurance company. If the cost of an amputation procedure is reimbursed but the costs of outpatient care are not, this may influence the rate of lower-extremity amputation.
Long-term costs. In addition to the short-term costs until an ulcer is completely healed, long-term costs for previously treated patients must be considered. These costs are especially high for patients who have undergone lower-extremity amputation, with a substantial part related to their increased need for home care and social services [4] . Long-term costs associated with amputations include prostheses, special footwear or other aids, rehabilitation, and costs related to any residual disability. The costs for home care and social services are highest among patients who have undergone major amputations [4] . Similarly, among patients with limb-threatening ischemia, another study found that the economic consequences of amputation were 10-40 times those of successful limb salvage [7] .
Cost-effectiveness of prevention. Modeling studies of preventing foot complications have been limited to the effects of intensive insulin treatment to prevent the development of neuropathy [12, 39] . The potential economic benefits of preventing lower-extremity amputation have been discussed in a modeling study [40] . The cost effectiveness of preventing foot ulcers and amputations and the future costs of these complications were evaluated in a recent model simulation [41] . Prevention strategies, including patient education, foot care, and footwear interventions, were simulated in the model. Results showed that providing all diabetic patients at risk for foot ulcers and amputations with optimal prevention would be a cost effective, or even cost saving, strategy [41] . This bolsters the recommendations from the international consensus documents.
Although prevention strategies cannot stop all ulcers, those that occur may be less severe with earlier initiation of appropriate care. A 1-year comprehensive prevention program, compared with standard care, resulted in a significant decrease in days affected by an ulcer, hospitalizations, foot surgery, and missed work days, in addition to fewer lower-extremity amputations [42] . This study demonstrates the potential economic and medical advantages if treatment delays could be limited.
Several reports have focused on the importance of patient compliance with prevention and treatment [43, 44] . Compliance may be influenced by several factors, including the degree to which expenses are covered for the patient. A report from Belgium concluded that incentives for prevention are low, from the patient's point of view, when the cost for prevention is paid by the patient and the cost for treatment is covered by the health care system [15] .
Cost-effectiveness of topical treatment. Several problems can hinder cost-effectiveness analyses of topical treatments. A health-economic evaluation of topical treatment followed patients for 12 weeks and recorded resource use and outcomes [45] . Despite the relatively long follow-up period, only 17% of patients healed. This illustrates the problem of patients not being followed until a defined end point. Another problem illustrated by this study is the difficulty in choosing an alternative treatment for the evaluations. Three different topical dressings were used as standard treatment for comparison with the study dressing [45] . This reflects clinical practice, because the appropriate dressing differs during the healing process and no one of the standard dressings would be suitable for the whole time. Difficulty in choosing a relevant comparator for new dressings has resulted in the frequent use of saline dressings in clinical trials [46] . Although these may be an adequate control arm from a clinical viewpoint, they are not adequate for health-economic evaluations. Although the costs of saline dressings themselves are very low, the use of them is the most expensive treatment alternative because they require more frequent dressing changes and thus staff resources [47] , and they are usually not typical of standard dressings for the whole healing time.
Dressings that require less frequent changes may be more cost effective, even if they are more expensive than other dressings [45] . This results from the sometimes overlooked costs of the staff performing outpatient dressing changes and the costs of staff or patient transportation. When patients or relatives perform dressing changes, there is also a cost related to their loss of work or leisure time. A more expensive treatment option may also lead to potential cost savings if it will result in a shorter duration of hospitalization. This was shown in a British study, performed from the perspective of the hospital [48] , in which diabetic patients with an infected foot ulcer were treated with or without the addition of granulocyte colony-stimulating factor (G-CSF) to standard care. Cost savings were shown in patients treated with G-CSF, because of earlier discharge from hospital. It is uncertain, however, whether or not this cost saving would occur if a wider societal perspective were taken or if resource use until a final end point were considered.
The problems with prospective health-economic studies of the diabetic foot (such as the long healing times and the need for different dressings in various phases of healing) are examples of reasons for the more frequent use of modeling studies during recent years. In some of these studies, new topical treatment technologies have been evaluated. Although these products are usually more expensive than standard dressings, they may be cost effective if they result in more effective or faster healing [49] [50] [51] .
Other aspects of cost effectiveness. The cost effectiveness of different management approaches for diabetic patients with foot infections has been investigated in a US modeling study [16] . That study concluded that surgical debridement and a 10-week course of culture-guided oral antibiotic treatment may be as effective as and less costly than other alternatives, including more extensive diagnostic testing or immediate amputation. These types of analyses are, however, highly dependent on the performance characteristics attributed to various diagnostic tests and on presumed pretest probabilities for various diagnoses.
Other authors have argued that for osteomyelitis of the toe, a short course of antibiotic therapy and digit amputation is more cost effective than prolonged antibiotic therapy alone [52, 53] . One reason for the different conclusions is the use of different perspectives and a tendency not to consider certain costs, such as those that occur after a toe amputation. In a Swedish study, 76% of the total costs were incurred after amputations had been performed but before complete healing was achieved [5] . This was mainly attributable to costs for topical treatment after minor amputations.
METHODOLOGICAL AND PRACTICAL PROBLEMS IN HEALTH-ECONOMIC STUDIES
In some Swedish studies [5, 17] , patients who underwent lowerextremity amputation were treated as inpatients by departments other than general or orthopedic surgery; thus, amputation costs and costs for postoperative treatment could be seriously underestimated if only wards connected to operating departments were considered. The tendency in published reports to limit cost analysis to inpatient care in the surgical departments rather than to a defined end point, such as complete healing or death, can be attributed to several factors. Sometimes the analysis is done from the perspective of the surgical department, so other costs are seen as not relevant. Difficulty in obtaining resource-use data after hospital discharge limits the perspective in some cases. Similarly, a lack of understanding of diabetic foot disorders that leads to a belief that the problem is solved by amputation might contribute to incomplete analyses. To fully estimate the total direct short-term cost of foot ulcers and amputations, patients must be followed for resource use until a final end point, irrespective of where they are treated.
Databases and other secondary data sources. Few studies of diabetic foot lesions have been based on observational studies (tables 2 and 3) [5, 10, 14, 15, 17] . Recent studies describing the economic consequences of these problems have often been based on information from databases or claims data [6, 8, 9, 11, 13, 27] . Such studies make it more difficult to restrict the cost analysis to a single ulcer episode or to differentiate the various types of costs for different types of ulcers. The analyses are, however, often suitable for estimates of foot ulcer costs for large populations of diabetic patients during specified periods. The problems associated with cost analyses of diabetic foot lesions based on claims data or secondary sources are that some databases do not contain information about all types of resources used and that some databases are restricted to selected populations [11, 54] , thus preventing extrapolation to larger groups.
Difficulties in performing health-economic studies. Costeffectiveness analyses of management of diabetic foot lesions have many methodological difficulties in design and execution. Difficulties with conducting prospective randomized controlled studies of chronic wounds [55] include the extensive research resources necessitated by the long duration of wound healing and the heterogeneous nature of the patients, resulting in small subgroups. Furthermore, foot ulcers differ during the healing process; treatments in different phases make comparisons of strategies difficult. In addition, it may be difficult to perform blinded studies of topical treatments. The shortage of evidence regarding the management of diabetic foot disease [56] [57] [58] surely reflects the methodological challenges of performing such studies.
A direct comparison of cost analyses of primary healed foot ulcers and ulcers healed after amputation is inadvisable, because the 2 groups are usually not comparable for patient characteristics and background variables. Patients in the latter group often have more severe complications and comorbidities that probably will influence the outcome and resource use. Ethical reasons preclude randomization of treatment alternatives to solve this methodological problem. Amputations are undoubtedly a costly solution for society and result in serious disability for the patients. One reason for various incidences of lowerextremity amputation from different settings is different indications for amputations. In some Swedish studies [4, 5, 17] , strict criteria for amputation were used [59] , and a nonhealing ulcer was not an indication for amputation. Other authors have reported the failure of a wound to heal, defined as no healing progress after 6 weeks, as an indication for amputation [60] . If the foot has an adequate vascular supply and no significant infection, a nonhealing plantar ulcer usually results from poor treatment and/or poor compliance [61] .
Diabetic foot infections are one of the most costly foot complications because of their long healing time and often poor outcome. The large costs and poor quality of life associated with diabetic foot complications indicate that management strategies that speed healing and reduce the number of amputations could be cost effective. The chronic lifelong multifactorial problems associated with diabetes, the heterogeneous patient populations, the long duration of wound healing, the simultaneously occurring complications, the treatment by many specialists and professionals, and the complex causal relations are factors that complicate prospective health-economic studies of diabetic foot lesions. Health-economic evaluations in different types of settings would be valuable, but such studies are difficult to execute because of the risk that the treatment of patients may be altered by the study itself. The use of retrospectively collected resource-use data may better reflect actual clinical practice than would a prospective clinical trial. Other options are model simulations that include data from different sources, such as epidemiological information, outcome results from clinical trials, and local and national databases and registers.
CONCLUSIONS
The total costs of diabetic foot ulcers and amputations are high from both a short-term and a long-term perspective, and costs increase with ulcer severity. Topical wound treatments and inpatient care account for the largest fraction of costs over the time until complete healing. Important factors that influence the total costs and cost effectiveness of topical treatments and that have to be examined in health-economic analyses of the diabetic foot are costs of material, staff, and transportation; frequency of dressing changes; rate of healing; and final outcome.
The major costs for infected diabetic foot ulcers that healed after an amputation occur between amputation and complete healing and are mainly related to topical treatments. The costs of antibiotics are low in comparison with the total costs for treatment of diabetic foot infections. The total costs for treatment of deep foot infections are high, especially for patients who have undergone amputations. Total direct costs for healing of infected ulcers not requiring amputation are ∼US$17,500 (1998), whereas the costs for lower-extremity amputations are ∼US$30,000-$33,500, depending on level of amputation. Prevention, including patient education, foot care, and special footwear in accordance with present international recommendations, is cost effective or cost saving for all diabetic patients at high risk for foot ulcers and lowerextremity amputation.
A health-economic perspective of the diabetic foot implies consideration not only of the costs of the amputation procedure but also of the outcome of treatment, including quality of life, survival, and the possibility to save the limb. It is clear that amputation and its consequences result in very costly solutions, and approaches to saving the limb should therefore be the first choice.
